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The coupling constants gD∗sDK∗(892) and gB∗sBK∗(892) are calculated in the framework of three-
point QCD sum rules. The correlation functions responsible for these coupling constants are
evaluated considering contributions of both D(B) and K∗(892) mesons as off-shell states, but
in the absence of radiative corrections. The results, gD∗sDK∗(892) = (3.74 ± 1.38) GeV
−1 and
gB∗sBK∗(892) = (3.24 ± 1.08) GeV
−1 are obtained for the considered strong coupling constants.
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2I. INTRODUCTION
The heavy-heavy-light mesons coupling constants are fundamental objects as they can provide essential information
on the low energy QCD. Their numerical values obtained in QCD can bring important constraints in constructing the
meson-meson potentials and strong interactions among them. In the recent years, both theoretical and experimental
studies on heavy mesons have received considerable attention. In this connection, excited experimental results obtained
in BABAR, FERMILAB, CLEO, CDF, D0, etc. [1–9] and some physical properties of these mesons have been studied
using various theoretical models (see for instance [10–15]).
In this article, we calculate the strong coupling constants, gD∗sDK∗(892) and gB∗sBK∗(892) in the framework of three-
point QCD sum rules considering contributions of bothD(B) andK∗(892) mesons as off-shell states, but in the absence
of radiative corrections. The result of these coupling constants can help us to better analyze the results of existing
experiments hold at different centers. For instance, consider the Bc meson or the newly discovered charmonium states,
X , Y and Z by BABAR and BELLE collaborations. These states decay to a J/ψ or ψ′ and a light meson in the final
state. However, it is supposed that first these states decay into an intermediate two body states containing Dq or
D∗q with q = u, d or s quarks, then these intermediate states decay into final stats with the exchange of one or more
virtual mesons. The similar procedure may happen in decays of heavy bottonium. Hence, to get precise information
about such transitions, we need to have information about the coupling constants between participating particles.
Calculation of the heavy-heavy-light mesons coupling constants via the fundamental theory of QCD is highly
valuable. However, such interactions lie in a region very far from the perturbative regime, hence the fundamental
QCD Lagrangian can not be responsible in this respect. Therefore, we need some non-perturbative approaches like
QCD sum rules [16] as one of the most powerful and applicable tools to hadron physics. Note that, the coupling
constants, D∗DsK, D
∗
sDK [17, 18], D0DsK, Ds0DK [18], D
∗Dρ [19], D∗Dπ [20, 21], DDρ [22], DDJ/ψ [23],
D∗DJ/ψ [24], D∗D∗π [25, 26], D∗D∗J/ψ [27], DsD
∗K, D∗sDK [28], DDω [29], D
∗D∗ρ [30], and Bs0BK, Bs1B
∗K
[31] have been investigated using different approaches.
This paper is organized as follows. In section 2, we give the details of QCD sum rules for the considered coupling
constants when both D(B) and K∗(892) mesons in the final state are off-shell. The next section is devoted to the
numerical analysis and discussion.
II. QCD SUM RULES FOR THE COUPLING CONSTANTS
In this section, we derive QCD sum rules for coupling constants. For this aim, we will evaluate the three-point
correlation functions,
ΠD(B)µν (p
′, q) = i2
∫
d4x d4y eip
′·x eiq·y〈0|T
(
ηK
∗
ν (x) η
D(B)(y) η
D∗s (B
∗
s )†
µ (0)
)
|0〉 (1)
for D(B) off-shell, and
ΠK
∗(892)
µν (p
′, q) = i2
∫
d4x d4y eip
′·x eiq·y〈0|T
(
ηD(B)(x) ηK
∗
ν (y) η
D∗s (B
∗
s )†
µ (0)
)
|0〉 (2)
for K∗(892) off-shell. Here T is the time ordering operator and q = p − p′ is transferred momentum. Each meson
interpolating field can be written in terms of the quark field operators as following form:
ηK
∗
ν (x) = s(x)γνu(x)
ηD[B](y) = u(y)γ5c[b](y)
η
D∗s [B
∗
s ]
µ (0) = s(0)γµc[b](0) (3)
The correlation functions are calculated in two different ways. In phenomenological or physical side, they are obtained
in terms of hadronic parameters. In theoretical or QCD side, they are evaluated in terms of quark and gluon degrees
of freedom by the help of the operator product expansion (OPE) in deep Euclidean region. The sum rules for the
coupling constants are obtained equating the coefficient of a sufficient structure from both sides of the same correlation
functions. To suppress contribution of the higher states and continuum, double Borel transformation with respect to
the variables, p2 and p′2 is applied.
First, let us focus on the calculation of the physical side of the first correlation function (Eq.(1)) for an off-shell
D(B) meson. The physical part is obtained by saturating Eq. (1) with the complete sets of appropriate D0, D∗s
and K∗(892) states with the same quantum numbers as the corresponding interpolating currents. After performing
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3four-integrals over x and y, we obtain:
ΠD(B)µν (p
′, q) =
〈0|ηK
∗
ν |K
∗(p′, ǫ)〉〈0|ηD(B)|D(B)(q)〉〈K∗(p′, ǫ)D(B)(q)|D∗s (B
∗
s )(p, ǫ
′)〉〈D∗s(B
∗
s )(p, ǫ
′)|η
D∗s (B
∗
s )
µ |0〉
(q2 −m2D(B))(p
2 −m2D∗s (B∗s )
)(p′2 −m2K∗)
+ ... (4)
where .... represents the contribution of the higher states and continuum. The matrix elements appearing in the
above equation are defined in terms of hadronic parameters such as masses, leptonic decay constants and coupling
constant, i.e.,
〈0|ηK
∗
ν |K
∗(q, ǫ)〉 = mK∗fK∗ǫν
〈0|ηD(B)|D(B)(p′)〉 = i
m2D(B) fD(B)
mc(b) +mu
〈D∗s(B
∗
s )(p, ǫ
′)|η
D∗s (B
∗
s )
µ |0〉 = mD∗s (B∗s )fD∗s (B∗s )ǫ
∗′
µ
〈K∗(q, ǫ)D(B)(p′)|D∗s(B
∗
s )(p, ǫ
′)〉 = ig
D(B)
D∗sDK
∗(B∗sBK
∗)ε
αβηθǫ∗θǫ
′
ηp
′
βpα (5)
where g
D(B)
D∗sDK
∗(B∗sBK
∗) is coupling constant when D(B) is off-shell and ǫ and ǫ
′ are the polarization vectors associated
with the K∗ and D∗s(B
∗
s ), respectively. Using Eq. (5) in Eq. (4) and summing over polarization vectors via,
ǫνǫ
∗
θ = −gνθ +
qνqθ
m2K∗
,
ǫ′ηǫ
′∗
µ = −gηµ +
pηpµ
m2D∗s (B∗s )
, (6)
the physical side of the correlation function for D(B) off-shell is obtained as:
ΠD(B)µν (p
′, p) = −g
D(B)
D∗sDK
∗(B∗sBK
∗)(q
2)
fD∗s (B∗s )fD(B)fK∗
m2
D(B)
mc(b)+mu
mD∗s (B∗s )mK∗
(q2 −m2D(B))(p
2 −m2D∗s (B∗s )
)(p′2 −m2K∗)
εαβµνp′βpα + .... (7)
To calculate the coupling constant, we will choose the structure, εαβµνp′βpα from both sides of the correlation functions.
From a similar way, we obtain the final expression of the physical side of the correlation function for an off-shell K∗
meson as:
ΠK
∗
µν (p
′, p) = −gK
∗
D∗sDK
∗(B∗sBK
∗)(q
2)
fD∗s (B∗s )fD(B)fK∗
m2
D(B)
mc(b)+mu
mD∗s (B∗s )mK∗
(p′2 −m2D(B))(p
2 −m2D∗s (B∗s )
)(q2 −m2K∗)
εαβµνp′βpα + .... (8)
Now, we concentrate our attention to calculate the QCD or theoretical side of the correlation functions in deep
Euclidean space, where p2 → −∞ and p′
2
→ −∞. For this aim, each correlation function, Πiµν(p
′, p), where i stands
for D(B) or K∗, can be written in terms of perturbative and non-perturbative parts as:
Πiµν(p
′, p) = (Πper +Πnonper) ε
αβµνp′βpα, (9)
where the perturbative part is defined in terms of double dispersion integral as:
Πper = −
1
4π2
∫
ds′
∫
ds
ρ(s, s′, q2)
(s− p2)(s′ − p′2)
+ subtraction terms, (10)
here, ρ(s, s′, q2) is called spectral density. In order to obtain the spectral density, we need to calculate the bare loop
diagrams (a) and (b) in Fig.(1) for D(B) and K∗ off-shell, respectively. We calculate these diagrams in terms of
the usual Feynman integral by the help of Cutkosky rules, i.e., by replacing the quark propagators with Dirac delta
functions: 1q2−m2 → (−2πi)δ(q
2 −m2). After some straightforward calculations, we obtain the spectral densities as
following:
ρD(s, s′, q2) =
Nc
λ3/2(s, s′, q2)
{
2m3sq
2 +mus
(
2m2u − q
2 + s− s′
)
−m2smu
(
q2 + s− s′
)
+ 2m3cs
′ +m2c
[
ms
(
−q2 + s− s′
)
− mu
(
−q2 + s+ s′
)]
+mc
[
m2s
(
−q2 + s− s′
)
−
(
q2 + s− s′
)
s′ −m2u
(
−q2 + s+ s′
)]
− ms
(
m2u
(
q2 + s− s′
)
+ q2
[
−q2 + s+ s′
)]}
, (11)
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4D∗s(B
∗
s) K∗
p
D(B) q
γµ γν
γ5
s
c(b) u
p′
0 x
y
p
D∗s(B
∗
s)
K∗ q
D(B)
p′
0 x
y
γµ γ5
γν
c(b)
s u
D∗s
p p′
K∗
D(B) q
0 x
y
γµ γν
γ5
c(b) u
〈ss〉
(a) (b)
(c)
D∗s(B
∗
s)
p
γµ
0
s
K∗ q
y
〈uu〉
x
γ5 D(B)
p′
c(b)
(d)
p
D∗s
γµ
0
c(b)
s
(e)
x
γν
K∗
p′
〈uu〉
y
γ5
D(B) q
D∗s(B
∗
s)
p
γµ
0
〈ss〉 y
K∗ q
u
x
γ5 D(B)
p′
c(b)
γν
γν
(f)
FIG. 1. (a) and (b): Bare loop diagram for the D(B) and K∗ off-shell, respectively; (c) and (e): Diagrams corresponding to
quark condensate for the D(B) off-shell; (d) and (f): Diagrams corresponding to quark condensate for the K∗ off-shell.
ρK
∗
1 (s, s
′, q2) =
Nc
λ3/2(s, s′, q2)
{
2m3cq
2 +mus
(
2m2u − q
2 + s− s′
)
−m2cmu
(
q2 + s− s′
)
+ 2m3ss
′ +m2s
(
mc
(
−q2 + s− s′
)
− mu
(
−q2 + s+ s′
))
+ms
[
m2c
(
−q2 + s− s′
)
−
(
q2 + s− s′
)
s′ −m2u
(
−q2 + s+ s′
)]
− mc
[
m2u
(
q2 + s− s′
)
+ q2
(
−q2 + s+ s′
)]}
, (12)
for the D∗sDK
∗(892) vertex associated with the off-shell D and K∗(892) meson, respectively, and
ρB(s, s′, q2) =
Nc
λ3/2(s, s′, q2)
{
2m3sq
2 +mus
(
2m2u − q
2 + s− s′
)
−m2smu
(
q2 + s− s′
)
+ 2m3bs
′ +m2b
[
ms
(
−q2 + s− s′
)
− mu
(
−q2 + s+ s′
)]
+mb
[
m2s
(
−q2 + s− s′
)
−
(
q2 + s− s′
)
s′ −m2u
(
−q2 + s+ s′
)]
− ms
(
m2u
(
q2 + s− s′
)
+ q2
[
−q2 + s+ s′
)]}
, (13)
ρK
∗
2 (s, s
′, q2) =
Nc
λ3/2(s, s′, q2)
{
2m3bq
2 +mus
(
2m2u − q
2 + s− s′
)
−m2bmu
(
q2 + s− s′
)
+ 2m3ss
′ +m2s
(
mb
(
−q2 + s− s′
)
− mu
(
−q2 + s+ s′
))
+ms
[
m2b
(
−q2 + s− s′
)
−
(
q2 + s− s′
)
s′ −m2u
(
−q2 + s+ s′
)]
− mb
[
m2u
(
q2 + s− s′
)
+ q2
(
−q2 + s+ s′
)]}
, (14)
for the B∗sBK
∗(892) vertex associated with the off-shell B and K∗(892) meson, respectively. Here λ(a, b, c) = a2 +
b2 + c2 − 2ac− 2bc− 2ab and Nc = 3 is the color number.
To calculate the nonperturbative contributions in QCD side, we consider the quark condensate diagrams presented
in (c), (d), (e) and (f) parts of Fig. (1). It should be reminded that the heavy quark condensates contributions are
suppressed by inverse of the heavy quark mass, so they can be safely neglected. Therefore, as nonperturbative part,
we only encounter contributions coming from light quark condensates. Contributions of the diagrams (d), (e) and (f)
in Fig.(1) are zero since applying double Borel transformation with respect to the both variables p2 and p′
2
will kill
them because of appearing only one variable in the denominator in these cases. Hence, we calculate the diagram (c)
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5in Fig.(1) for the off-shell D(B) meson. As a result, we obtain:
ΠDnonper = −
〈ss〉
(p2 −m2c)(p
′2 −m2u)
, (15)
for the off-shell D meson and
ΠBnonper = −
〈ss〉
(p2 −m2b)(p
′2 −m2u)
, (16)
for the off-shell B meson.
Now, it is time to apply the double Borel transformations with respect to the p2(p2 →M2) and p′
2
→ (p′
2
→M ′
2
)
to the physical as well as the QCD sides and equate the coefficient of the selected structure from two representations.
Finally, we get the following sum rules for the corresponding coupling constant form factors:
gDD∗sDK∗(q
2) =
(q2 −m2D)
fD∗s fDfK∗
m2
D
mc+mu
mD∗smK∗
e
m2
D∗
M2 e
m2
K∗
M′2
[
1
4 π2
∫ s0
(mc+ms)2
ds
∫ s′0
(ms+mu)2
ds′ρD(s, s′, q2)
θ[1− (fD(s, s′))
2
]e
−s
M2 e
−s′
M′2 + 〈ss〉e
m2c
M2 e
m2u
M′2
]
, (17)
gK
∗
D∗sDK
∗(q2) =
(q2 −mK∗
2)
fD∗s fDfK∗
m2
D
mc+mu
mD∗smK∗
e
m2
D∗
M2 e
m2
D
M′2
[
1
4 π2
∫ s0
(mc+ms)2
ds
∫ s′0
(mc+mu)2
ds′ρK
∗
1 (s, s
′, q2)
θ[1− (fK
∗
1 (s, s
′))
2
]e
−s
M2 e
−s′
M′2
]
, (18)
for the off-shell D and K∗(892) meson associated with the D∗sDK
∗(892) vertex, respectively, and
gBB∗sBK∗(q
2) =
(q2 −m2B)
fB∗s fBfK∗
m2
B
mb+mu
mB∗smK∗
e
m2
B∗s
M2 e
m2
K∗
M′2
[
1
4 π2
∫ s0
(mb+ms)2
ds
∫ s′0
(ms+mu)2
ds′ρB(s, s′, q2)
θ[1− (fB(s, s′))
2
]e
−s
M2 e
−s′
M′2 + 〈ss〉e
m2
b
M2 e
m2u
M′2
]
, (19)
gK
∗
B∗sBK
∗(q2) =
(q2 −mK∗
2)
fB∗s fBfK∗
m2
B
mb+mu
mB∗smK∗
e
m2
B∗s
M2 e
m2
B
M′2
[
1
4 π2
∫ s0
(mb+ms)2
ds
∫ s0′
(mb+mu)2
ds′ρK
∗
2 (s, s
′, q2)
θ[1− (fK
∗
2 (s, s
′))
2
]e
−s
M2 e
−s′
M′2
]
, (20)
for the off-shell B and K∗(892) meson associated with the B∗sBK
∗(892) vertex, respectively. The integration regions
in the perturbative part in Eqs. (17)-(20) are determined requiring that the arguments of the three δ functions coming
from Cutkosky rule vanish simultaneously. So, the physical regions in the s - s′ plane are described by the following
non-equalities:
− 1 ≤ fD(s, s′) =
2 s (m2s −m
2
u + s
′) + (m2c −m
2
s − s)(−q
2 + s+ s′)
λ1/2(m2c ,m
2
s, s)λ
1/2(s, s′, q2)
≤ 1, (21)
− 1 ≤ fK
∗
1 (s, s
′) =
2 s (−m2c +m
2
u − s
′) + (m2c −m
2
s + s)(−q
2 + s+ s′)
λ1/2(m2c ,m
2
s, s)λ
1/2(s, s′, q2)
≤ 1, (22)
for the off-shell D and K∗(892) meson associated with the D∗sDK
∗(892) vertex, respectively, and
− 1 ≤ fB(s, s′) =
2 s (m2s −m
2
u + s
′) + (m2b −m
2
s − s)(−q
2 + s+ s′)
λ1/2(m2b ,m
2
s, s)λ
1/2(s, s′, q2)
≤ 1, (23)
− 1 ≤ fK
∗
2 (s, s
′) =
2 s (−m2b +m
2
u − s
′) + (m2b −m
2
s + s)(−q
2 + s+ s′)
λ1/2(m2b ,m
2
s, s)λ
1/2(s, s′, q2)
≤ 1, (24)
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6for the off-shell B and K∗(892) meson associated with the B∗sBK
∗(892) vertex, respectively. These physical regions
are imposed by the limits on the integrals and step functions in the integrands of the sum rules. In order to subtract
the contributions of the higher states and continuum, the quark-hadron duality assumption is used, i.e., it is assumed
that,
ρhigherstates(s, s′) = ρOPE(s, s′)θ(s− s0)θ(s
′ − s′0). (25)
Note that, the double Borel transformation used in calculations is defined as:
Bˆ
1
(p2 −m21)
m
1
(p′2 −m22)
n
→ (−1)m+n
1
Γ(m)
1
Γ(n)
e−m
2
1/M
2
e−m
2
2/M
′2 1
(M2)m−1(M ′2)n−1
. (26)
III. NUMERICAL ANALYSIS
Present section is devoted to the numerical analysis of the sum rules for the coupling constants. In further analysis,
we use, mK∗(892) = (0.89166 ± 0.00026) GeV , mD0 = (1.8648 ± 0.00014) GeV , mD∗s = (2.1123 ± 0.0005) GeV ,
mB± = (5.2792±0.0003)GeV , mB∗s = (5.4154±0.0014)GeV [32], mc = 1.3 GeV , mb = 4.7 GeV , ms = 0.14 GeV [33],
mu = 0, fK∗ = 225 MeV [34], fD∗s = (272± 16
0
−20) MeV , fB∗s = (229± 20
31
−16) MeV [35], fB = (190± 13) MeV [36],
fD = (206.7± 8.9) MeV [37] and 〈ss〉 = −0.8(0.24± 0.01)
3 GeV 3 [33].
The sum rules for the strong coupling constants contain also four auxiliary parameters, namely the Borel mass
parameters,M2 andM ′
2
and the continuum thresholds, s0 and s
′
0. Since these parameters are not physical quantities,
our results should be independent of them. Therefore, we look for working regions at which the dependence of coupling
constants on these auxiliary parameters are weak. The working regions for the Borel mass parameters M2 and M ′
2
are determined requiring that both the contributions of the higher states and continuum are sufficiently suppressed
and the contributions coming from higher dimensions are small. As a result, we obtain, 8 GeV 2 ≤ M2 ≤ 25 GeV 2
and 3 GeV 2 ≤ M ′2 ≤ 15 GeV 2 for D off-shell, and 4 GeV 2 ≤ M2 ≤ 10 GeV 2 and 3 GeV 2 ≤ M ′2 ≤ 9 GeV 2
for K∗ off-shell associated with the D∗sDK
∗(892) vertex. Similarly, the regions, 14 GeV 2 ≤ M2 ≤ 30 GeV 2 and
5 GeV 2 ≤ M ′2 ≤ 20 GeV 2 for B off-shell, and 5 GeV 2 ≤ M2 ≤ 20 GeV 2 and 5 GeV 2 ≤ M ′2 ≤ 15 GeV 2 for
K∗ off-shell are obtained for the B∗sBK
∗(892) vertex. The dependence of considered coupling constants on Borel
parameters for different cases are shown in Figs.(2-5) and (7-10). From these figures, we see a good stability of the
results with respect to the Borel mass parameters in the working regions. The continuum thresholds, s0 and s
′
0 are
not completely arbitrary but they are correlated to the energy of the first excited states with the same quantum
numbers. Our numerical calculations lead to the following regions for the continuum thresholds in s and s′ channels
for different cases: (mD∗s (B∗s ) + 0.3)
2 ≤ s0 ≤ (mD∗s (B∗s ) + 0.5)
2 in s channel for both off-shell cases and two vertexes,
and (mD(B) + 0.3)
2 ≤ s′0 ≤ (mD(B) + 0.7)
2 and (mK∗ + 0.3)
2 ≤ s′0 ≤ (mK∗ + 0.7)
2 for K∗ and D(B) off-shell cases,
respectively in s′ channel. Here, we should stress that the analysis of sum rules in our work is based on, so called the
standard procedure in QCD sum rules, i.e., the continuum thresholds are independent of Borel mass parameters and
q2. However, recently it is believed that the standard procedure does not render realistic errors and the continuum
thresholds depend on Borel parameters and q2 and this leads to some uncertainties (see for instance [38]).
Now, using the working region for auxiliary parameters and other input parameters, we would like to discuss the
behavior of the strong coupling constant form factors in terms of q2. In the case of off-shell D meson related to the
D∗sDK
∗ vertex, our numerical result is described well by the following mono-polar fit parametrization shown by the
dashed line in Fig. (6):
g
(D)
D∗sDK
∗(Q
2) =
−103.34
Q2 − 28.57
, (27)
where Q2 = −q2. The coupling constants are defined as the values of the form factors at Q2 = −m2meson (see also
[19]), where mmeson is the mass of the on shell meson. Using Q
2 = −m2D in Eq. (27), the coupling constant for
off-shell D is obtained as: gDD∗sDK∗ = 3.23 GeV
−1. The result for an off-shell K∗ meson can be well fitted by the
exponential parametrization presented by solid line in Fig. (6) ,
g
(K∗)
D∗sDK
∗(Q
2) = 4.44 e
−Q2
7.24 − 0.70. (28)
Using Q2 = −m2K∗ in Eq. (28), the g
K∗
D∗sDK
∗ = 4.25 GeV −1 is obtained. Taking the average of two above obtained
values, finally we get the value of the gD∗DK∗ coupling constant as:
gD∗sDK∗ = (3.74± 1.38) GeV
−1. (29)
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7From figure (6) it is also clear that the form factor, gDD∗sDK∗ is more stable comparing to g
K∗
D∗sDK
∗ with respect to
the Q2. The similar observation has also obtained in [19] in analysis of the D∗Dρ vertex. In our case, the two form
factors coincide at Q2 = 0.1612 GeV 2 and have the value 3.64 GeV −1 very close to the value obtained taking average
of the coupling constants for two off-shell cases at Q2 = −m2meson.
Similarly, for B∗sBK
∗ vertex, our result for B off-shell is better extrapolated by the mono-polar fit parametrization,
g
(B)
B∗sBK
∗(Q
2) =
−354.37
Q2 − 98.14
, (30)
presented by dashed line in Fig. (11) and for K∗ off-shell case, the parametrization
g
(K∗)
B∗sBK
∗(Q
2) = 3.02 e
−Q2
2.90 − 0.28, (31)
shown by the solid line in Fig. (11), describes better the results in terms of Q2. Using Q2 = −m2B in Eq. (30), the
coupling constant is obtained as gBB∗sBK∗ = 2.78 GeV
−1. Also, gK
∗
B∗sBK
∗ = 3.69 GeV −1 is obtained at Q2 = −m2K∗ in
Eq. (31). Taking the average of these results, we get,
gB∗sBK∗ = (3.24± 1.08) GeV
−1. (32)
The errors in the results are due to the uncertainties in determination of the working regions for the auxiliary
parameters as well as the errors in the input parameters. From the figure Fig. (11), we also deduce that the heavier
is the off-shell meson, the more stable is its coupling form factor in terms of Q2. From this figure, we also see that
the two form factors related to the B∗sBK
∗ vertex coincide at Q2 = −0.7152 GeV 2 and have the value 3.58 GeV −1
also close to the value obtained taking average of the corresponding coupling constants for two off-shell cases at
Q2 = −m2meson.
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= 5 GeV 2 have been used.
Author's Copy
80 3 6 9 12 15
0
2
4
6
g(
D
) D
* sD
K*
(8
92
)(Q
2 =
1 
G
eV
2 )
(G
eV
-1
)
M
2
(GeV2)
 Total
 Perturbative Contribution
 Condensate Contribution
0 3 6 9 12 15
0
2
4
6
FIG. 3. gD
D∗sDK
∗(Q2 = 1 GeV 2) as a function of the Borel mass M ′
2
. The continuum thresholds, s0 = 6.83 GeV
2, s′0 =
2.54 GeV 2 and M2 = 15 GeV 2 have been used.
IV. ACKNOWLEDGEMENT
This work has been supported partly by the Scientific and Technological Research Council of Turkey (TUBITAK)
under research project No: 110T284.
[1] P. del Amo Sanchez et al., (BABAR Collaboration), SLAC-PUB-14090, BABAR-PUB-10-005, May 2010, arXiv:1005.1096
[hep-ex].
[2] M. Paulini, Int. J. Mod. Phys.A 24, 4413 (2009).
[3] H. Mendez et al., (CLEO Collaboration), Phys. Rev. D 81, 052013 (2010).
[4] D. Acosta et al., (CDF Collaboration), Phys.Rev. D71, 032001 (2005); Phys.Rev. Lett.94, 101803 (2005); T. Aaltonen, et
al., (CDF Collaboration), Phys. Rev. Lett. 100, 082001(2008).
[5] A. Abulenciaet et al., (CDF Collaboration), Phys.Rev. Lett.97, 062003 (2006); Phys. Rev. Lett. 97, 242003(2006)
[6] V.M. Abazov et al., (D0 Collaboration), Phys. Rev. Lett. 94, (2005) 042001; Phys. Rev. Lett. 98, (2007)121801.
[7] H.G. Evans, Frascati Phys. Ser. 44, 421(2007); S. Burdin, Report No:FERMILAB-CONF-06-545-E.
[8] N. Brambilla et al., (Quarkonium Working Group), Published as CERN Yellow Report, CERN-2005-005, arXiv:
0412158[hep-ph].
[9] T. Aaltonen, et al., (CDF Collaboration), Phys.Rev. D79, 092003(2009); T. Aaltonen, et al., (CDF Collaboration),
Phys.Rev. D77, 072003(2008).
[10] C. T. H. Davies, C. McNeile, E. Follana, G. P. Lepage, H. Na, J. Shigemitsu, arXiv:1008.4018[hep-lat].
[11] G. Li, F. Shao, E. Wang, arXiv:1008.3696[hep-ph].
[12] W. Lucha, D. Melikhov, S. Simula, Talk given at QCD@Work-International Workshop on QCD-Theory and Experiment,
20-23 June 2010, Martina Franca Italy, arXiv:1008.3129.
[13] A. M. badalian, Yu. A. Simonov, M. A. Trusov, Proceedings of the Conference QUARKS-2008, Sergiev Posad, Russia,
23rd-29th May 2008, arXiv:0811.2399.
[14] K. Azizi, R. Khosravi, F. Falahati, arXiv:1008.3175[hep-ph].
Author's Copy
92 4 6 8 10
2
3
4
5
g(
K*
) D
* sD
K*
(8
92
)( Q
2 =
1 
G
eV
2 )
(G
eV
-1
)
M2(GeV2)
 Perturbative Contribution
2 4 6 8 10
2
3
4
5
FIG. 4. gK
∗
D∗sDK
∗(Q2 = 1GeV 2) as a function of the Borel massM2. The continuum thresholds, s0 = 6.83 GeV
2, s′0 = 6.57 GeV
2
and M ′
2
= 5 GeV 2 have been used.
[15] E. B. Gregory, et al., ”XXVII International Symposium on Lattice Field Theory”, July 26-31, 2009, Peking University,
Beijing, China, arXiv:0911.2133.
[16] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys. B 147, 385 (1979).
[17] M. E. Bracco, A. Cerqueira Jr., M. Chiapparini, A. Lozea, M. Nielsen, Phys. Lett. B 641, 286-293 (2006).
[18] Z. G. Wang, S. L. Wan, Phys. Rev. D 74, 014017 (2006).
[19] B. O. Rodrigues, M. E. Bracco, M. Nielsen, F. S. Navarra, arXiv:1003.2604v1[hep-ph].
[20] F.S. Navarra, M. Nielsen, M.E. Bracco, M. Chiapparini and C.L. Schat, Phys. Lett. B 489, 319 (2000).
[21] F. S. Navarra, M. Nielsen, M. E. Bracco, Phys. Rev. D 65, 037502 (2002).
[22] M. E. Bracco, M. Chiapparini, A. Lozea, F. S. Navarra and M. Nielsen, Phys. Lett. B 521, 1 (2001).
[23] R.D. Matheus, F.S. Navarra, M. Nielsen and R.R. da Silva, Phys. Lett. B 541, 265 (2002).
[24] R. D. Matheus, F. S. Navarra, M. Nielsen and R. Rodrigues da Silva, Int. J. Mod. Phys. E 14, 555 (2005).
[25] Z. G. Wang, Nucl. Phys. A 796, 61 (2007); Eur. Phys. J. C 52, 553 (2007); Phys. Rev. D 74, 014017 (2006).
[26] F. Carvalho, F. O. Duraes, F. S. Navarra and M. Nielsen, Phys. Rev. C 72, 024902 (2005).
[27] M. E. Bracco, M. Chiapparini, F. S. Navarra and M. Nielsen, Phys. Lett. B 605, 326 (2005).
[28] M. E. Bracco, A. J. Cerqueira, M. Chiapparini, A. Lozea and M. Nielsen, Phys. Lett. B 641, 286 (2006).
[29] L. B. Holanda, R. S. Marques de Carvalho and A. Mihara, Phys. Lett. B 644, 232 (2007).
[30] M. E. Bracco, M. Chiapparini, F. S. Navarra and M. Nielsen, Phys. Lett. B 659, 559 (2008).
[31] Z. G. Wang, Phys. Rev. D 77, 054024 (2008).
[32] K. Nakamura et al. (Particle Data Group), J. Phys. G37, 075021 (2010).
[33] B. L. Ioffe, Prog. Part. Nucl. Phys. 56, 232 (2006).
[34] P. Maris, P. C. Tandy, Phys. Rev. C 60, 055214 (1999).
[35] D. Becirevic, et al., Phys. Rev. D 60, 074501 (1999).
[36] E. Gamiz, et al. (HPQCD Collab.), Phys. Rev. D 80, 014503 (2009).
[37] J. L. Rosner and S. Stone, arXiv:1002.1655 [hep-ex]; C. W. Hwang, Phys. Rev. D 81, 114024 (2010).
[38] W. Lucha, D. Melikhov and S. Simula, Phys. Rev. D 79, 0960011 (2009).
Author's Copy
10
2 4 6 8 10
0
2
4
6
g(
K*
) D
* sD
K*
(8
92
)( Q
2 =
1 
G
eV
2 )
(G
eV
-1
)
M 2(GeV2)
 Perturbative Contribution
2 4 6 8 10
0
2
4
6
FIG. 5. gK
∗
D∗sDK
∗(Q2 = 1 GeV 2) as a function of the Borel mass M ′
2
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∗ (Q2 = 1 GeV 2) as a function of the Borel mass M2. The continuum thresholds, s0 = 34.99 GeV
2, s′0 =
35.75 GeV 2 and M ′
2
= 8 GeV 2 have been used.
Author's Copy
13
5 10 15
0
1
2
3
4
5
g(
K* s
) B
* sB
K*
(8
92
)( Q
2 =
1 
G
eV
2 )(
G
eV
-1
)
M 2(GeV2)
 Perturbative Contribution
5 10 15
0
1
2
3
4
5
FIG. 10. gK
∗
B∗sBK
∗ (Q2 = 1 GeV 2) as a function of the Borel mass M ′
2
. The continuum thresholds, s0 = 34.99 GeV
2,
s′0 = 35.75 GeV
2 and M2 = 8 GeV 2 have been used.
-3 0 3
0
2
4
6
8
g B
* sB
K*
(8
92
)(G
eV
-1
)
Q2(GeV2)
 B off-shell
 K* off-shell
-3 0 3
0
2
4
6
8
FIG. 11. gB∗sBK∗ as a function of Q
2.
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